ing code and those of an LS (4,8,8) [3] code. Li [2, 5] proposed LAS CDMA exhibits a significantly better performance than the employment of the so-called LAS codes, which exhibit zero that of classic random code based DS-CDMA, when operating auto-correlation and cross-correlation in a limited-offset range of in a quasi-synchronous scenario. Classic frequency-domain [-l, t]-chips. In [6,7] the authors of this contribution investigated raised cosine Nyquist filtering is known to show the best possible performance, but its complexity may be excessive in high-150-LAS code chip-rate systems. Hence in these systems often low-complexity . .Traditional spreading code time-domain waveform shaping is considered. Motivated by this fact, the achievable performance of LAS-CDMA is investigated in conjunction with three different time-limited chip- 
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School of ECS, University of Southampton, S017 1BJ, UK. Tel: +44-23-8059-3125, Fax: +44-23-8059-4508 Email:1h1@ecs.soton.ac.uk, http://www-mobile.ecs.soton.ac.uk ABSTRACT ing code and those of an LS(4,8,8) [3] code. Li [2, 5] proposed LAS CDMA exhibits a significantly better performance than the employment of the so-called LAS codes, which exhibit zero that of classic random code based DS-CDMA, when operating auto-correlation and cross-correlation in a limited-offset range of in a quasi-synchronous scenario. Classic frequency-domain [-l, t]-chips. In [6, 7] the authors of this contribution investigated raised cosine Nyquist filtering is known to show the best possible performance, but its complexity may be excessive in high-150-LAS code chip-rate systems. Hence in these systems often low-complexity . .Traditional spreading code time-domain waveform shaping is considered. Motivated by this fact, the achievable performance of LAS-CDMA is investigated in conjunction with three different time-limited chip- better performance than that of classic CDMA, when operating in systems, the spreading sequences characterize the associated Ina quasi-synchronous scenario.
ter Symbol Interference (ISI) as well as the Multiple Access InIn this paper we investigated the performance of LAS CDMA terference (MAI) properties [1] . Traditional spreading sequences, In conjunctio witva scipaveformsnte on of both such as m-sequences [1] , Gold codes [1] and Kasami codes [1] an infinite with form ck (t) = E Cki/TC (t -il). The chip-sequence Cki C codes [2, 3] and Loosely Synchronous (LS) codes [4] . The resul-= tant LAS codes exhibit an IFW, where the off-peak aperiodic autog{+1,-1, O} represents the spreading sequence of the kth user correlation values as well as the aperiodic cross-correlation values and in this contribution we will consider PN random codes as well become zero, resulting in zero ISI and zero MAI, provided that as the LAS spreading codes [2, 3] . The processing gain is dethe time-offset of the codes is within the IFW. Figure 1 characnoted by G, which obeys G =TS/TC, and X'T, (t) represents the terizes the correlation properties of a traditional random spreadchip-waveform having an energy of Ao /4FT (t)dt =1T. Again, we considered three chip-waveforms, namely rectangular, raised-3. BER ANALYSIS cosine and half-sine chip-waveforms. For convenience, we define the normalized chip-waveform as f (t) = fT, (tlT,). For the Let the first user be the user-of-interest and consider a receiver band-limited system considered, the normalized chip-waveform using de-spreading as well as multipath diversity combining. The fb(t) satisfies: conventional matched filter based RAKE receiver using MRC may be invoked for detection, where we assume that the RAKE receiver +00 is capable of combining L, number of diversity paths. b(t-ni )fb* (t -n2)dt = 6(ni, n2), (1) Let us assume that we have achieved time synchronization and -oo perfect estimates of the channel magnitudes and phases are available. The individual matched filter outputs are appropriately dewhere q (hi, h2) 1 for hi = 2, and 0 for ha v2. finger's output Zkl is sampled at t = T + IT, + Tk, in order to S -2(n) (2) detect the kth user's transmitted symbol bk [0] , which is expressed n=-oo s as: Consequently, when the K users' signals are transmitted over a frequency-selective fading channel, the received complex-valued
low-pass equivalent signal at a given base station can be expressed
where Dkl represents the desired direct Line-of-Sight (LOS) comas:
ponent, which can be expressed as: (3) In Eq. (7) trays the corresponding power spectral density function IQ() 12.
We considered the fractional energy containment bandwidth defiLr -1 nitions of [15, 16] for the sake of characterizing these time-limited Zk S Zkl. (19) waveforms. The stringent definition of f Q(f)df > 99.995% required excess bandwidths are summarized in Table 1 rand code basedocls CDMA and LAS CDMA using three Hence the corresponding spreading gain remains slightly lower different chip-waveforms when communicating over a Nakagamithan that of traditional random codes having the same number of m channel having m 1, when the excess bandwidth obeys / chips per spreading sequence. This was duly taken into account in 00.
our study for the sake of a fair comparison. When using the parameters of the LAS-2000 [18] system, the relationship of the corresponding spreading gains satisfied G = GRAN= 1.l.7GLAS, where GRAN and GLAS are the effective spreading gains of the random codes and LAS codes, respectively. For simplicity's sake, we assume that all paths have the same Nakagami fading parameter, i.e. we have ml = m, I = 0, ... -, -1. Furthermore, we assume that both the random and LAS-code based systems have a chip rate of 1.2288Mchips and the channel's dispersive delay spread is TCh = 3,us. Hence the number of resolvable paths is O K=32 G(1+P)=600 i=2Tc 11=0.2 m=1 Lr=3 L =4 LP = L7,thi + 1 = 4. The width of the IFW was t = 3T' and the maximum asynchronous delay difference of the uplink mobile E EEE]E E E E E E E E E E E E E E E E E E E E E-l transmitters was Tm = 2TC, while the negative exponential MIP io-v decay factor was T = 0.2. code based classic CDMA and LAS CDMA, when communicating when communicating over different fading channels associated over a Nakagami-m channel having m =1. The energy containwith different Nakagami fading parameters m. The energy conment requirement was satisfied according to the strictly bandlimtainment requirement was satisfied according to the strictly banited condition [15, 16] of 99.9950% and the total bandwidth was dlimited condition [15, 16] of 99.995%o and the total bandwidth G(1 + J3) =600. was G(1 + J3)=600.
[6] H. Wei and L. Hanzo, "On the Performance of LAS-CDMA," To ap-600 and K=32 users were supported. We observe in Figure 4 pear in IEEE Transactions on Wireless Communication. that the raised-cosine chip-waveform exhibited a significantly bet- 2005. Figure 5 shows the performance of these two systems in con- 
